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Two trials of clinically approved human papillomavirus (HPV) vaccines, Females United to Unilaterally Reduce
Endo/Ectocervical Disease (FUTURE I/II) and the Papilloma Trial Against Cancer in Young Adults (PATRICIA), reported a 22% difference in vaccine efficacy (VE) against cervical intraepithelial neoplasia grade 2 or worse in HPV-naïve subcohorts; however, serological testing methods and the HPV DNA criteria used to define HPVunexposed women differed between the studies. We applied previously described methods to simulate these HPV-naïve subcohorts within the Costa Rica HPV16/18 Vaccine Trial and assessed how these criteria affect the estimation of VE. We applied 2 enzyme-linked immunosorbent assay (ELISA) thresholds for HPV16 and HPV18 seropositivity (8 and 7 ELISA units/mL, respectively, for PATRICIA; 54 and 65 ELISA units/mL, respectively, for FUTURE I/II (to approximate the competitive Luminex immunoassay)) and 2 criteria for HPV DNA positivity (12 oncogenic HPV types, plus HPV66 and 68/73 for PATRICIA; or plus HPV6 and 11 for FUTURE I/II). VE was computed in the 2 naïve subcohorts. Using the FUTURE I/II and PATRICIA criteria, VE estimates against cervical intraepithelial neoplasia grade 2 or worse, regardless of HPV type, were 69.0% (95% confidence interval: 40.3%, 84.9%) and 80.8% (95% confidence interval: 52.6%, 93.5%), respectively (P = 0.1). Although the application of FUTURE I/II criteria to our cohort resulted in the inclusion of more sexually experienced women, methodological differences did not fully explain the VE differences. human papillomavirus; methodological differences; naïve population; vaccine efficacy Abbreviations: CI, confidence interval; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; cLIA, competitive Luminex immunoassay; CVT, Costa Rica HPV16/18 Vaccine Trial; DEIA, DNA enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; HPV, human papillomavirus; LiPA, line probe assay; PCR, polymerase chain reaction; VE, vaccine efficacy; VLP, viruslike particle.
Gardasil (Merck & Co., Inc., West Point, Pennsylvania) and Cervarix (GlaxoSmithKline Vaccines, Rixensart, Belgium) are 2 highly efficacious prophylactic human papillomavirus (HPV) vaccines. Gardasil is a quadrivalent vaccine containing the recombinant L1 major capsid proteins of oncogenic HPV16 and HPV18 and low-risk HPV6 and HPV11, and Cervarix is a bivalent vaccine containing the recombinant L1 major capsid proteins of HPV16 and HPV18 (1) .
HPV vaccination is recommended for young adolescents before the initiation of sexual activity and exposure to the virus (2). However, the phase III clinical trials that led to vaccine licensure were conducted among young adult women, many of whom were sexually active and potentially HPV exposed. A combination of HPV DNA and serological testing was used to define a subcohort of women likely to be HPV naïve before vaccination to estimate vaccine efficacy (VE) in an HPV-unexposed target population. Published estimates of VE against cervical intraepithelial neoplasia grade 2 or worse (CIN2+), irrespective of HPV DNA typing, were 42.7% (95% confidence interval (CI): 23.7%, 57.3%) for Gardasil and 64.9% (95% CI: 52.7%, 74.2%) for Cervarix in the naïve-population subanalyses (3, 4) . If the observed difference in estimated VE among HPV-naïve recipients of Gardasil and Cervarix reflects vaccine performance, it may have important public health implications.
Alternatively, these differences in VE estimates might reflect differences in the approaches used to simulate an HPV-unexposed group in the 2 trials-Females United to Unilaterally Reduce Endo/Ectovervical Disease (FUTURE I/II) and the Papilloma Trial Against Cancer in Young Adults (PATRICIA). In both trials, the criteria used to define HPVunexposed groups included negative HPV DNA tests of cervical cells and negative serological results for HPV-related antibodies. Specifically, in both trials, subjects who tested HPV DNA positive for any of 12 oncogenic HPV types (type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59) were excluded from the HPV-naïve group. PATRICIA additionally excluded subjects on the basis of HPV DNA positivity for HPV types 66 and 68/73, whereas FUTURE I/II excluded subjects on the basis of HPV DNA positivity for HPV types 6 and 11 (3, 4) . For the serological analyses, PATRICIA used a viruslike particle (VLP)-based direct enzyme-linked immunosorbent assay (ELISA), which detects the presence of both neutralizing and nonneutralizing HPV antibodies (4) . In contrast, a VLP-based competitive Luminex immunoassay (cLIA) was used in FUTURE I/II, which is designed to detect neutralizing HPV antibodies specifically directed against the V5 epitope of HPV16 and the J4 epitope of HPV18 (3) . Previous analyses have demonstrated that ELISA is more sensitive than cLIA (5) . Thus, the use of cLIA may have resulted in the inclusion of more HPV-exposed women within the naïve subanalysis in FUTURE I/II compared with the use of the ELISA in PATRICIA.
The objective of the present analysis was to investigate the extent to which methodological differences in estimating VE within HPV-naïve subcohorts contributes to differences in VE estimates. To address our objective, we applied the FUTURE I/II and PATRICIA criteria within the Costa Rica HPV16/18 Vaccine Trial (CVT) to approximate the 2 naïve subcohorts and to estimate VE for the following 3 endpoints: 1) CIN2+ regardless of type of HPV infection, 2) HPV type-specific CIN2+, and 3) HPV type-specific 12-month persistence.
METHODS

Participants and study design
Women included in this study are participants in both arms of the CVT, a double-blind, controlled, randomized, phase III clinical trial of the efficacy of the bivalent HPV16/18 VLP vaccine conducted in Costa Rica with enrollment in [2004] [2005] . The CVT was designed to evaluate efficacy against persistent cervical HPV16/18 infection and precancerous lesions, as previously described (6, 7) . The main eligibility requirements were as follows: aged 18-25 years (inclusive), in good general health as determined by medical history and a physical examination, not pregnant or breastfeeding, using contraception during the vaccination period, and willing to provide written informed consent. The trial was reviewed and approved by human subjects review committees of the Instituto Costarricense de Investigacion y Enseñanza en Nutrición y Salud (Tres Ríos, Cartago, Costa Rica) and the National Cancer Institute (Bethesda, Maryland). The CVT is registered with clinicialtrials.gov (number NCT00128661).
Procedure
At enrollment, women reporting prior sexual experience underwent a pelvic examination, with collection of exfoliated cervical cells for liquid-based cytological testing and HPV DNA testing and collection of blood for HPV16/18 serological testing. Women were randomized to receive 3 doses of the HPV bivalent vaccine Cervarix (GlaxoSmithKline Vaccines) or a control hepatitis A vaccine (modified Havrix, GlaxoSmithKline Vaccines) over a 6-month period.
At annual follow-up visits, clinicians collected cervical cells for cytology and HPV testing from sexually active women. Women with low-grade cytological abnormalities were evaluated semiannually, and those with high-grade or persistent low-grade abnormalities were referred for colposcopy and treatment as needed (for more details on study design, see the article by Herrero, et al. (6)).
Specimen collection
Exfoliated cells for cytology, HPV DNA, Chlamydia trachomatis DNA, Neisseria gonorrhea DNA, and other testing were collected with a Cervex-Brush (Rovers Medical Devices, B.V., Lekstraat, the Netherlands) during pelvic examination as previously described (6, 7) . Cervical cells were placed in a liquid preservation medium; aliquots were frozen in liquid nitrogen until HPV polymerase chain reaction (PCR) testing as described below.
HPV DNA SPF 10 -DEIA and LiPA 25 HPV DNA detection and genotyping were conducted at DDL Diagnostic Laboratory as previously described (8, 9) . Briefly, DNA was extracted from cervical cells and SPF 10 primer sets were used to PCR-amplify HPV-specific DNA. HPV genotype of SPF 10 -DNA enzyme immunoassay (DEIA)-positive samples was identified by reverse hybridization on a line probe assay (LiPA) (SPF 10 -DEIA/HPVLiPA 25 , version 1, Labo Bio-Medical Products, B.V., Rijswijk, the Netherlands), which detects 25 HPV genotypes (HPV6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70, and 74). The sensitivity of HPV16 and HPV18 detection was improved via PCR with typespecific primer sets for specimens testing SPF 10 -DEIA positive but LiPA 25 negative for HPV16 and/or HPV18.
VLPs and ELISA
Serum collected at enrollment was used to determine HPV16-and HPV18-specific immunoglobulin G serostatus at GlaxoSmithKline Vaccines using a VLP-based direct ELISA as previously described (10) . Briefly, serial dilutions of serum samples and standards were added to ELISA microtiter plates coated with HPV VLPs. A peroxidase-conjugated antihuman polyclonal antibody was added, followed by enzyme substrate and chromogen. Reactions were stopped, and optical density at 620 nm (background) was subtracted from optical density at 450 nm. Antibody levels, expressed as ELISA units/mL, were calculated by the interpolation of optical density values from the standard curve by averaging the calculated concentrations from all dilutions that fell within the working range of the reference curve. The seropositivity cutoff points were determined by GlaxoSmithKline Vaccines and calculated on the basis of the limit of detection (95th percentile from a virgin population) and the lower limit of quantitation of the assay (10, 11) . The variability of this assay within the testing laboratory is low (mean coefficient of variation = 12.31% (10)). 
Statistical analysis
Participants who received at least 1 vaccine dose, who had normal cytology, or who were virgins and had a valid ELISA result at enrollment were included in this analysis. Among eligible women, we defined the following 2 analytical cohorts on the basis of HPV DNA and HPV16/18 antibody positivity: naïve cohort 1 (using the PATRICIA-like criteria) and naïve cohort 2 (using the FUTURE I/II-like criteria). Follow-up began the day after administration of the first vaccine dose and ended at the time each outcome occurred or at the last study visit.
The criteria used to define naïve cohort 1 were identical to those used in the naïve subcohort analysis of PATRICIA (4). Naïve cohort 1 excluded women who were DNA positive at the cervix for the following HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, or 68/73. It further excluded women who were seropositive for HPV16 or HPV18 using the standard ELISA cutoffs of 8 ELISA units/mL and 7 ELISA units/ mL, respectively. The final analytical naïve cohort 1 included 3,462 women (1,733 in the vaccine arm and 1,729 in the control arm). Exclusions are shown in Figure 1 .
Naïve cohort 2 was defined to approximate the HPV-naïve cohort in FUTURE I/II. Naïve cohort 2 excluded women who were DNA positive at the cervix for the following HPV types: 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59. It further excluded women who were seropositive for HPV16 or Table continues 602 Lang Kuhs et al.
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, as defined by modified ELISA cutoffs of 54 ELISA units/mL and 65 ELISA units/mL, respectively. The modified ELISA cutoffs were based on previous findings from our group that showed that increasing HPV16 and HPV18 ELISA cutoffs to 54 ELISA units/mL and 65 ELISA units/ mL, respectively, maximized ELISA's agreement with cLIA (overall agreement = 97%, positive agreement = 78%) (5). The final analytical naïve cohort 2 included 4,670 women (2,318 in the vaccine arm and 2,352 in the control arm). Exclusions are shown in Figure 2 .
The following 3 outcomes were evaluated: 1) persistence, defined as detection of same-type HPV (HPV16 or HPV18) in samples collected at 2 consecutive visits at least 10 months apart without intervening negative results; 2) CIN2+ regardless of HPV type, defined on the basis of masked review by a Costa Rican and a US pathologist, with masked review by a second US pathologist in instances when the first 2 reviewers disagreed; and 3) HPV16/18 type-specific CIN2+, in which a CIN2+ lesion was attributed to HPV16 or HPV18 if either of these HPV types was detected by PCR in the directly preceding cervical cytology specimen that led to colposcopy referral. For CIN2+ type-attribution in instances of multiple infections, we considered evidence of HPV persistence. Event proportions were calculated by dividing the number of cases by the number of women for each vaccine arm and were expressed as the number of events per 1,000 women. VE was defined as the percentage reduction in the frequency of the endpoint related to vaccine administration, estimated as the complement of the ratio of the cumulative attack proportions in the HPV and control arms. The attack proportion is the percentage of women in the cohort who experience the endpoint. The confidence interval for VE is derived from the corresponding confidence interval for the risk ratio. The exact conditional test was used for analyses of VE.
A total of 4,689 participants were included in either 1 or both of the analytical cohorts. These women were further Effect of HPV-Naïve Criteria on VE Estimates 603 subdivided into 5 mutually exclusive subgroups on the basis of HPV antibody and DNA positivity (Web Figure 1 and Web Table 1 , available at http://aje.oxfordjournals.org/). Groups A and B contributed to naïve cohort 1, and groups B, C, D, and E contributed to naïve cohort 2. We examined whether VE estimates differed by cohort definition. Because of the overlap of participants eligible to contribute to both cohorts (n = 3,443), we calculated P values in 2 different ways. First, we estimated a mid-P corrected exact P value by excluding group A (n = 19) from the comparison and compared group B (n = 3,443) with groups C, D, and E combined (n = 1,227). Second, we estimated a mid-P corrected exact P value for groups A and B combined (n = 3,462) versus groups C, D, and E combined (n = 1,227). We observed similar results and present the second set of P values. Statistical analyses were performed using SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Characteristics of the HPV-naïve subcohorts
A total of 3,443 women were included in both naïve cohort 1 (PATRICIA-like criteria) and naïve cohort 2 (FUTURE I/IIlike criteria). A subset of 1,227 women was excluded from naïve cohort 1 but included in naïve cohort 2 (Web Figure 1) . The subset of 1,227 women unique to cohort 2 was older and more sexually experienced, as indicated by younger age of sexual debut, greater number of years of sexual activity, higher total number of lifetime sexual partners, and enrollment positivity for low-risk HPV types. Thus, this subset of women appeared more likely than naïve cohort 1 to have been exposed to HPV on the basis of their risk profile; and they more closely resembled the subset of 2,777 women excluded from both analyses ( Table 1) .
Vaccine efficacy
For naïve cohort 1, VE against CIN2+, regardless of HPV type, was 80.8% (95% CI: 52.6%, 93.5%), with 5 cases of CIN2+ in the vaccine arm and 26 cases in the control arm (Table 2 ). For naïve cohort 2, VE against CIN2+, regardless of HPV type, was 69.0% (95% CI: 40.3%, 84.9%), with 11 cases of CIN2+ in the vaccine arm and 36 cases in the control arm. Although there was an 11.8% difference in VE between naïve cohorts 1 and 2, this difference was not statistically significant (P = 0.1). VE estimates against HPV16/18 typespecific CIN2+ were 100.0% (95% CI: 54.7%, 100.0%) for naïve cohort 1 and 81.6% (95% CI: 25.8%, 97.2%) for naïve cohort 2 (P = 0.08). Finally, VE estimates for HPV16/18 type-specific 12-month viral persistence for naïve cohorts 1 and 2 were 88.6% (95% CI: 77.3%, 94.9%) and 85.5% (95% CI: 75.7%, 91.8%), respectively (P = 0.3).
For the analysis of VE against CIN2+, regardless of HPV type, 17 additional CIN2+ cases (6 in the HPV arm and 11 in the control arm) were present in naïve cohort 2 compared with naïve cohort 1. Of the 6 women with CIN2+ added to the vaccine arm of naïve cohort 2, 5 had detectable HPV antibodies at the HPV16 and HPV18 ELISA cutoffs of 8 ELISA units/mL and 7 ELISA units/mL, respectively, and 3 (including the 1 seronegative individual) were also HPV DNA positive for either HPV66 or HPV68/73. Of the 11 additional women with CIN2+ added to the control arm of naïve cohort 2, 10 had detectable HPV antibodies at the HPV16 and HPV18 ELISA cutoffs of 8 ELISA units/mL and 7 ELISA units/mL, respectively, and the remaining seronegative individual was HPV DNA positive for either HPV66 or HPV68/73. In addition, there was 1 woman with CIN2+ in the control arm of naïve cohort 1 who was not in naïve cohort 2; she was HPV DNA positive for HPV6 or HPV11. On the basis of these findings, serological cutoffs accounted for 15 of the 17 additional cases of CIN2+ in naïve cohort 2, and HPV DNA positivity criteria accounted for 2. Therefore, it was estimated that serology alone resulted in the greatest reduction of the estimate of VE against CIN2+ regardless of HPV type (approximately 8%), whereas DNA positivity criteria accounted for the remaining 4%.
DISCUSSION
Differences in both serological cutoffs and criteria for HPV DNA positivity together accounted for 11.8% lower VE estimates between naïve cohort 1 (PATRICIA-like criteria) and naïve cohort 2 (FUTURE I/II-like criteria). The lower estimation of VE against CIN2+ regardless of type in naïve cohort 2 resulted from the inclusion of more HPV-exposed women compared with naïve cohort 1. Of the 17 additional cases of CIN2+ in the vaccine and control arms of naïve cohort 2 compared with naïve cohort 1, 15 had detectable HPV antibodies at the more sensitive ELISA cutoffs of 8 ELISA units/mL and 7 ELISA units/mL, and 4 (including 2 seronegative individuals) were HPV DNA positive for either HPV66 or HPV68/73 at enrollment. Given the higher prevalence of HPV66 and HPV68/73 (2.9% and 2.5%, respectively) in the CVT at enrollment compared with HPV6 and HPV11 (1.8% and 0.9%, respectively), exclusion on the basis of HPV66 and HPV68/73 seropositivity may have further resulted in a "cleaner" population of HPV-naïve individuals within naïve cohort 1. In contrast, we observed a smaller difference in VE estimates for HPV16/18 type-specific 12-month persistence (88.6% vs. 85.5%). The explanation for this is unclear; however, 12-month persistence was a more common endpoint and, therefore, provided greater precision in the VE point estimates.
Therefore, on the basis of our findings, methodological differences alone may not account for the entire or even the majority of the 22% difference in estimated VE against CIN2+ reported in the HPV-naïve subcohort analyses of FUTURE I/II and PATRICIA. Another likely explanation for the difference in VE estimates between the 2 trials is a varying degree of cross-protection against oncogenic nonvaccine HPV types for Cervarix and Gardasil (3, 4) . Although HPV16 and HPV18 were responsible for the majority of CIN2+ lesions in both trials, a significant proportion of cases were also attributed to nonvaccine types. Because both trials reported nearly identical estimates of VE against CIN2+ attributable to HPV16/ 18 (100.0% for FUTURE I/II and 99.0% for PATRICIA), the difference in VE estimates for CIN2+ regardless of HPV type may partially be accounted for by differences in CIN2+ cases attributable to oncogenic nonvaccine types (3, 4) . Cervarix has been reported to have higher efficacy against persistent Other possible, but less likely, explanations include weaker immunogenicity of Gardasil compared with Cervarix and risk differences between the 2 trial populations. Although Cervarix has been shown to induce significantly higher HPV16/18 antibody levels compared with Gardasil (13, 14) , this difference in immunogenicity is unlikely to explain the difference in VE against CIN2+ regardless of type, given that both trials reported nearly 100% VE against CIN2+ attributable to HPV16/18 in the naïve subcohort analyses (3, 4) . Additionally, although the FUTURE I/II, PATRICIA, and CVT populations were very similar in their risk profiles, they did vary with respect to baseline HPV16 prevalence (6, (15) (16) (17) . Baseline HPV16 prevalence rates for FUTURE I/II, CVT, and PATRICIA were 9.1%, 8.3%, and 5.0%, respectively (16, 17) . Although the high baseline HPV16 prevalence in FUTURE I/II suggests that this population had a greater risk of HPV exposure than the population in PATRICIA, this is unlikely to explain differences in VE. HPV16 prevalence in the CVT was similar to that in FUTURE II (8.3% vs. 9.1%), yet we have reported in the current study the highest VE estimate against CIN2+ regardless of HPV type (80.8%) among all 3 trials. The higher VE estimate in the CVT compared with estimates in PATRICIA and FUTURE I/II may be partially driven by the fact that a slightly higher proportion of CIN2+ cases were attributable to HPV16/18 in the CVT compared to PATRICIA (31% vs. 26%; no information was provided for FUTURE I/II) (3, 4) .
The strength of this analysis is that we used the same testing facilities and identical serological and HPV DNA assays to those used in PATRICIA. Other strengths include the fact that our study was conducted within a well-characterized, single population and, therefore, our findings are internally valid. Although we believe our qualitative results to be valid, our quantitative results may not be directly applicable to the other trials because we could not directly control for all differences between the trials. Examples of these differences include cultural differences in the reporting of sexual behavior, minimum age of enrollment, attack rates, HPV type attribution, and other assay differences (i.e., HPV DNA PCR assays and laboratories used for histopathology). Whether these differences affected our results is unclear; however, in our current analysis we noted a difference in VE estimates against CIN2+ attributable to HPV16/18 between naïve cohorts 1 and 2, which was not observed in the original trials. Perhaps the most important issue we were unable to address was the effect of exclusion on the basis of HPV6 and HPV11 seropositivity. This was due to the fact that HPV6 and HPV11 testing was not performed in the CVT. Exclusion of women who were seropositive for HPV6 or HPV11 in the FUTURE I/II would be expected to result in exclusion of some high-risk women who the PATRICIA analysis would have included, and, therefore, may have partially counteracted the less stringent definition of HPV16/18 seropositivity. However, although exclusion on the basis of HPV6/11 seropositivity may have attenuated some of the differences in the risk of exposure between the 2 studies, HPV6/ 11 antibodies are not likely to be as closely linked to CIN2+ development as is low-level HPV16/18 seropositivity.
In summary, although the methods used to define the HPV-naïve subcohort in PATRICIA may have resulted in a "cleaner" HPV-naïve population compared with those used in FUTURE I/II, our analysis suggests that differences in serological strategies and HPV DNA criteria may not fully account for the difference in reported VE against CIN2+, regardless of HPV type, between the 2 trials. However, additional studies are warranted.
